Introduction
Measurement in the social sciences (social measurement) and measurement in the natural sciences (physical measurement) certainly differ in terms of how measurement is carried out. In physical measurement, humans generally act as observers, while objects interact with measurement instruments directly [1] . In social measurement, humans interact with instruments for what we aim to measure resides in the mind of the human respondent. While modern physical measurement results in measures expressed in traceable units associated with an estimate of uncertainty as the two key elements of metrology, the situation in social measurement is different. Social measurement at first leads to qualitative observations. A typical procedure involves the administration of a questionnaire, consisting of statements (items) associated with a response scale, to the respondent. The questionnaire is a measurement instrument that is to quantify a variable that is characterised by its items. The respondent is assumed to process the wording of the item, recall relevant cognitions, form a mental response, and finally choose the response option that best fits the mental response. The outcome of this process therefore is a comparison of a statement that characterises, or reflects, the variable to be measured with the respondent's mental positioning with respect to the same variable.
Applying the concept of measurement to this process implies the hypothesis that a quantitative latent variable exists which allows for locating both the constituents of the measurement instrument, i.e. its items, and the subject responding to the instrument, on an underlying quantitative continuum. Response formats usually offer multiple categories, which are thought to represent ordered amounts of the property the items are proposed to assess. The observed response as a choice of one response category is transformed into a numerical score. Thus, the score is an ordinal statistic provided the categories adequately reflect an increasing amount of the variable to be measured.
Traditionally, social scientists have interpreted item scores as measures. In classical test theory (CTT [2] ), properties of these item measures are investigated with focusing on means, variances, covariances and correlations. Respondent measures are formed as weighted or unweighted sum scores across items. These measures are essentially justified by observed convergence of individual item measures. With respect to their interpretation and their processing, the measures are treated as if they were on a par with measures in the natural sciences.
From a statistical point of view, the most obvious limitation is that scores that represent order cannot be meaningfully added up to sum scores that are linear, equal-interval measures. In terms of measurement philosophy, a more serious limitation arises from the fact that traditional social 2 measurement attaches numerals to observations, which represent the outcome of the process of measurement, and treats those numerals as numerical measures. This type of social measurement clearly omits the very processes that are thought to imply measurement. The hypothesised response process is not modelled at all. It remains a black box. Obviously, social measurement does not start with the observation of scores. After all scores are assigned to responses to instruments that first need to be developed. However, a thorough conceptualisation of the variable to be measured and development of the measurement instrument must not mask the fact the social measurement omits the core of the mechanism that yields observations which may allow for inferring measures.
The nonchalance with which social scientists have obscured or simply ignored the Achilles' heel of their measurement procedures have met with harsh and devastating criticism from natural scientists. In a discussion about pseudoscience, Richard Feynman famously said "social science is an example of a science which is not a science; they don't do [things] scientifically, they follow the forms … [but] they don't get any laws, they haven't found out anything" [3] .
Bringing light into the black box
Today, the question is can the social sciences do better? As a matter of fact, approaches to model the comparison of items and respondents have been available for many years. Item response theory [4] explicitly refers to this comparison as the fundamental process of social measurement. Nevertheless, the status of measurement in the social sciences in general has improved only marginally. The reasons are twofold. First, the process of adopting these models has been very slow with CTT still being the predominant paradigm in most social science disciplines. Second, IRT models are often applied with the same, or a similar, philosophical mind-set that underpins CTT. Both phenomena reflect the intricacies of a paradigm change. CTT produces measures based on statistical procedures that presume rather justify measurement. By contrast, IRT specifies item and person parameters that represent the two entities that are crucial in the comparison of statements in a questionnaire and the respondent. It is from this comparison observations arise that allow us to infer measures. A fundamental limitation of IRT lies in its disregarding fundamental principles of measurement when it comes to the concrete modelling of the response as a function of item and person parameters. The key requirement in this respect is invariance. Item properties must no depend on the respondents that are instrumental in their estimation; and, vice versa, respondent characteristics must not depend on the specific items used. In the context of the natural sciences, it is evident that characteristics of a measurement device have to be stable and independent of the objects measured. In other words, the instrument and the measurement object are regularly separated, for example when determining the mass of a weight in terms of the calibrated response of a weighing instrument [5] .
In the Rasch model (RM; [6] ), Rasch accounted for invariance by what he called specific objectivity [7] . Specific objectivity is a property of the Rasch model by virtue of parameter separation (see [8] on the Rasch model for measurement in the social sciences). From a mathematical point of view, the Rasch model is an IRT model. However, since it is unique in terms of providing specifically objective measurement, it defines a class of its own distinct from other IRT models. The fundamental philosophical difference between IRT in general and the Rasch model in particular is the concept of how a measurement model and data are related. The Rasch model is a prescriptive model emphasizing the fit of the data to the model, while IRT models follow the statistical principle of the best possible description of data focusing on fit of the model to the data. This notion is reflected in the term Rasch Measurement Theory (see [8] ).
In contrast to non-Rasch IRT models, the Rasch model also adheres to general principles of scientific measurement (cancellation conditions, [9) . It also addresses the scientific task of measurement, [10] ) and can be seen as a realisation of additive conjoint measurement [11] ).
What still remains in the dark
Compared to CTT, measurement based on the RM, brings light to the black box insofar as it models explicitly what we hypothesise to be origin of the observation from which we infer a measure. Contrary to IRT, the RM specifies fundamental characteristics of measurement and prescribes those to be met by empirical data. Measures estimated under the RM, where data have been demonstrated to fit the RM, i.e. data meet the requirements the model embodies, certainly do have a much better foundation that measures rooted in CTT or IRT using models that disregard invariance.
While the application of the RM may bring more light into the link between the comparison of items and respondents, social measurement based on the RM might, and typically still does, fall short of physical measurement with respect to two aspects. First, the link between the conceptual theory of the variable to be measured and the item characteristics as accounted for in the model is essentially not covered by the model. The conceptual theory of the variable informs instrument development. Empirical response data may confirm the suitability of the instrument for being the basis for measurement. However, no direct, especially no quantitative link exists between the conceptual theory and the item parameters. The latter are calibrated in a data-driven way. Second, the person measures, while meaningfully interpretable with respect to item measures, lack an interpretation in terms of a tangible measurement unit. In fact, both issues are close intertwined. A quantitative theory that hypothesises a mechanism, a wheelwork as it were, that explains how items behave, would also lend meaning to what a difference between items means.
The unit of measurement is not only crucial for achieving and justifying measurement in a concrete instance. It is also very relevant in terms of consolidating different measurements and gaining insights that transcend one particular study. In the natural sciences, the importance of a clearly defined metric in measurement is a universally recognised matter of course. Metrology, the scientific study of measurement, is concerned with the establishment of common units of measurement [1] . Each instrument's measures must be traceable to a standard unit, which remains stable across the entire continuum [12] . Furthermore, each measure, expressed in a defined metric, must involve a standard error signifying the uncertainty of the estimate [13] . These fundamental principles, entrenched in physical measurement, have slowly started to enter the realm of social measurement [1, 14, 15] .
Currently, social measurement widely lacks explicit units of measurement. Apart from the fundamental deficiencies in terms of justifying measures in the first place, CCT yields respondent measures that are percentiles of a distribution assumed to be normal. Hence the unit of measurement is not only implicit but also intrinsically tied to a given population, for which a normal distribution has to hold, and a given context of measurement. Measurement based on the RM disentangles item and respondent characteristics and establishes a unit of measurement that is, in principle, independent of the respondents. However, the implicit unit suffers from two limitations. First, it is not interpretable in the same way as units in physical measurement as it lacks tangibility. Second, even though it does not depend on individual respondents within a given population, it may vary depending on contextual factors [16] . The latter is a problem that can be addressed empirically, even though its implications in terms of comparability of measures may be quite subtle. The former is an even more general problem in social measurement.
Conclusion: What needs to be done
The RM plays a crucial role in the improvement of measurement in the social sciences. Its characteristics ensure that fundamental and universal principles of measurement are imposed as prerequisites on empirical data. It paves the way towards achieving measurement that is on a par with measurement in the physical sciences. However, replacing CTT or IRT by the RM will not be enough. The conceptual theory of what it is to measure has to be improved to allow establishing a link between the conceptual theory and the model parameters [17, 18] . This will also contribute to efforts of developing explicit, tangible and interpretable units of measurement. Only then will the social sciences be in a position to fully counter Richard Feynman's harsh assessment. 
